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A wind-tunnel Investigation ha8 been made of a semispan model 
. of a w i n g  swept back 63' having an  aspect r a t i o  of 3.5 and a taper 

r a t io   ( t i p  chordlroot chord) of 0.25. '12leee t e s t s  were conducted 
t o  evaluate  the  effects of Reynolds m b e r  and MEtch rnrmber on the 
aerodynamic characterietics of the wfng. Ihcluded In the inveeti- 
s t i o n  were measurements of the effectivenesa of an elevon used as  
a longitudinal  control. 

The aerodynamic center of the King shifted rearward near a l i f t  
coefficient of 0.2; whereas above a lift coefficient of approximately 
0.4 there was an  abrupt forward ehif t  of. the aerodpmmlc center. 

Increase of t h e  Mach number frm 0.m t o  0.925 a t  a constant 
Reynolds number of 3.55 million resulted in a gradual increaee of 
the lift-curve elope at zero lift frm 0.043 t o  0.048 per degree, 
a rearward shift  of the aerodgnamic center a t  zero lift frm 42.4 
percent to 44.6 percent of the mean aerodynamic chord, and a decrease 
of the maximum lifMO-drag r a t i o  from 18.0 t o  14.7. The elevon 
pitch  effectivenese (rate of change  of pitchhg+acment coefficient 
per degree of elevon deflection) had a value of -0.0053, and wa8 not  
appreciably changed by varying the Mach number fram 0.60 t o  0.90 a t  
a comtant Reynolds number of 2.26 million. 

An increase of R e p o l d e  number fram 4 .U t o  9.85 at a n  approxi- 
mately constant bkch number and a t  a constant d p m i c  pressure of 
50 pounde per square foot caused a reduction of the lift-curve elope 
from 0 t o  0.042, and an  increaee of the maxirmrm lift-to-drag 
rat io  from 17.7 t o  20.6. There m e  little shif t  of the aerodynamic 
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center a t  zero lift from 42.4 percent of the mean aerodynamic  chord. 
The 'elevon effectiveness was l i t t l e   a f fec ted  by changes in   the 
Reynoliir,  nuniber. 

Recent  developments extending the theory of supersonic flow t o  
the analysis of swept w i n g s  of finite aspect  ratio  (reference I) 
have indicated that efficient flight a t  kch nunibere q t o  1.5 may 
be achieved by the use of a large sweepback angle  together  with the 
higheat  posaible aspect ra t io .  

A wing deeigned according t o  the indications of reference 1 i e  
being investigated extensively at  the Ames Aercmautfcal Laboratory t o  
evaluate i ts  behavior over a wide range of Mach and Reynolds numbers, 
both alone and in  the presence of a slender fuselage. 

The series of tests performsd in  the .U+foot pressure wind tunnel 
and reported herein is part of a coordinated program abed a t  the 
ult-te development  of a configuration  adaptable to  efficient,  eco- 
nomical f l ight  a t  Mach nunibera ug to 1.5. T h i s  report presents the 
s~ibsonic serdpamic characteristics of a semispan model of a Xing 
swept back 63O as influenced by the independent variation of lkch 
and R e y n o l d s  nunibem. Also included are data on the effectiveneas of 
a constantchord elevon. 

SYMBOIS 

The following synibols are used i n  t u s  report: 

pitch-mnt coefficient 
wing mean aerodpmlc chord 

angle of attack of wing chord, degrees 

angle between wing chord and slevcrn chord, measured in a 
plane perpendfcular to the elevon hinge line, positive 
for downward deflection  with  respect t o  the wing, degrees 

. 
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Q dynamic pressure ($1 , pounds per square foot 

V airspeed, feet per second 

P mss densitr of air, slugs per  cubic foot 

P viscosity of air, slugs per foot-second 

e. speed of sound, feet per  second 

s wimg &ea, square feet 

C chord through the centroid of the plan view of the semispas - 
*, man aer-c chord (M.A.c. ), feet 

C local wing chord, fee t  

The semispan model tested had I t s  lea- edge swept back 630r 
an aspect ratio of 3.5 based on the full span, a taper  ratfo of one 
t o  four, zero twist, a& the NAcA 64A006 10- wing section 
(reference 2) parallel t o  the s t r e a m  direction. Dimensions of the 
d e l  are shown in ftgure 1.  he wing was constructed of m t e d  
mhogany secured to a soli& s t ee l  spar. 

Also shown fn figure 1 are the dh?%mions of the constantichord 
elevon. The elevon extended over the outboard 50 percent of the wing 
span, and i ts  area aft of the hhge line was 12.5 percent of the to ta l  
wing area. The elevon was attached t o  the Vfng by three clamptype 
hinges; no provfsion W&S =de for measurement of hinge mments. The 
unsealed nose gap was 0.082 inch, congtant across the span. 

The mael was also tested with I/2-inc+wide roughness s t r ips  
=de up of nmiber 60 carborundum particles hibedded in rubber cement, 
on the upper and lower wing surfaces so that the leadhg edge of the 
strips coincided with the w e r c e n k h o r d  station of the wing. , 
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The semispan model was mounted  vertically in the wind tunnel, 
with  the  floor  of  the tumel serving as a reflection plane. Photo- 
graphs of the model installation are shown in figure 2. The turw 
table upon which  the model was munted and the  turntable  cover  plates 
which  -re  exposed  to  the  air  stream  were  connected  directly  to  the 
forcmsuring apparatus. The smll gaps between  the  spar of the 
model and the  turntable  cover  plates  were  not sealed. Where  the model 
extended beyond the  turntable,  the  gap  between  the model and the 
tunnel  floor  varied f r o m  a minimum of 0.010 inch to about 0.200 inch. 
No attempt w&s =de t o  r e m e  the  tunnel-wall boundary layer which, 
at  the  location  of  the  model, had a displacement  thfclmess of 0.5 kch. 

CORRECTIONS TO DATA 

The  available  theoretical  developments by which corrections f o r  
tunnel+mll  interference are normally computed do not lend themselves 
to  the analysis of a highly swept-back  semispan Xing mounted on a 
f la t  of a modified clrcular  test  section. As a reasonable  estimate, 
however, approximte tmel-wal l  correctiom calculated by the method 
of reference 3 have been  applied  to the data  presented in this  report. 
In order  to  use  this  method,  the  flat on which  the  model was mounted 
w&s treated a s  a reflectfon  plane and a nominal tunnel  diameter wae 
assumed,  the square of Which  equaled 4/31 the8 the test-section  area. 
A spanwise load  distrlbution  computed by the simplified Weissinger 
method preaented in reference 4 was used in the analysis, but no 
f’urther mans of accounting for the  large sweepback was used. The 
corrections added were: 

No tunnel-wall  corrections  have been applied to  the  pitch-ment 
coefficients,  but  they  are bglieved to  be smll. 

Although the existing  theoretical  treatment of blockage  cor- 
rectfons for closed-throat wind tunnels  is  strictly  applicable only  
to-full”span models located  centrally in the tunnel and doe8 not 
allow for large  angles of weep, the  method of reference 5 has been 
used  as a reasonable mans of estimating  the  conetriction  effects. 
The magnitude of the  corrections  applied  to  the &ch nuniber and 
dynamic  pressure I s  illustrated fn the following table: 



NACA RM No. A 8 B X  5 

Uncorrected 
&ch nuniber 

0.907 
0 8 %  

.842 
a 7 9 5  
697 
598 
499 

Corrected q 
Uncorrected q 

1. Ox) 
1.016 
1.011 
1.008 
1.005 
1.004 
1.003 

Tare correctform for  the air forces  exerted on the exposed 
surface of the turntable have been applied to  the drag data. Over 
the range of test Reynolds  nymibers of 2 t o  10 million,  the &tare drag 
coefficient varied from 0.0021 t o  0.0018. No attempt was =de t o  
evaluate  the possible Wterferenze  effects between the model and the 
turntable or the effect of the -sap bekween the  turntable and the 
tunnel wall. 

Lift, h g ,  and pftchiqpmment data have been obtained for  the 
mdel under the  conditions  listed in table I. 

Reynolds nunibers of 2.26 and 3.55 million were approzimtely 
the lowest and hfghest attainable  with this model at high Ikch nunibers, 
be- linfted in the first case by €he m h b u m  preasure t o  which the 
tunnel could be evacuated (one”sixth of atmospheric pressure), and in 
the second case by the available power of the tunnel-drive sptem. 
With a tunnel pressure of 6 atmspheres,  the  highest Reynolds m e r  
attainable at a dynamic pressure of 50 pounds- per sqmre foot was 
9.85 million. 

The rmximum ang1mf”ttack range permigted bX the IimLts of 
robation of the turntable was -100 t o  30°, but in most, cases the 
structural  capacfty of the model, model vibration, or tunnel-awer 
limitations restricted the angle-of-ttacx range t o  -100 t o  200. 

Data  were obtained for elevon angles frm 5O t o  “0’. A t  high 
Mach numbers, this range m s  further restricted t o  5O t o  -No because 
of structural Ifmitat ions of the model. 
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Characteristics of the W i n g  with the Elevon Undeflected 

General camideratiom.- Before  discuasfng Fn detail the  effects 
of compressibility and scale, it is desirable to point out some of the 
characteristics of the wing attributable  to the par t icu lar  conibinatian 
of sweepback and aspect ra t io  of the model. 

Typical.  variations of the angle of attack, drag coefficient, 
and pitching-momsnt coefficient with l i f t  coefficient  are shown in 
figures 3 and 4. A study of these figures m-8 the following 
changes in the trends of the coeffictents occurrine; simultaneously 
at lift coefficients near 0.2: (1) There is  a perceptible  increase 
in the slope of the lift curve; (2) there is a sharp increase in the 
rate of change of drag with lift; and (3 )  there is a moderately 
abrupt rearward shift of the aerodynamic center. ~n reference 6 ,  
this nonlinear behavior of the characteristics is attributed t o  
separation from the ai r fo i l  leading edge, with a consequent loss of 
lead- suction and a rapid increase in drag. The 0.2 value of 
the lift coefficient a t  whfch the effects of separation appear, as 
shown in reference 6 ,  agrees with the indications of oblique-wln@; 
theory wbich predicts  t u s  behavior at  a lift coefficient equiva- 
lent t o  the  section nraximum lift coefficient reduced by the square 
of the cosine of the sweep angle. 

With regard to longitudinal stabil i ty,  the data indicate a 
behavbor typical of h i  hly swept wings and already  reported 
extensively elsewhere $e.g., reference 7). This behavior, i l lustrated 
in figures 3(c) d . 4 ( c ) ,  is ,the forward shift of the aerodynamic 
center which in this case occurs at lifi coefficients of the order 
of 0.4. As discussed in reference 7, this  longitudinal  instabflity 
is pr imr i ly  dependent upon the psrticular cordbination of sweep 
angle and aspect  ratio. 

Also of interest are the drag data of figures 3(b) d 4(b) , 
which show the influence of the lowLdrag King section betxeen 
lift crxff'icfents of -0.1 t o  0.1. 

Effect of Mach number.- DeLta for  Reynolds nunibera of 2.35 and 
3.55 million a d  Mach numBers from 0.160 t o  0.925 are presented i n  
figures 3 and 4, and the effects of Wch nuniber are surmnecrized in  
figures 5 to 8. 

The data show na abrupt changes with increasing Mach m e r .  
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In figures 3(c) and 4( c), it  is of interest to note that, as the 
Mach nmiber is  increased,the  chasge to a positive  variation of 
pit-nt coefficient with lift coefficient  does  not  occur as 
rapidly as at the low Mach rider, but  takes  place ov8r an increasingly 
wide range of lift coefficients. 

In figure 5,  are shown the I=, drag, and pitchinginaoment 
coefficients as a function of Mach rmpiber.  It will be seen that 
there is a gradual increase of the l€ft coefficients  at  constant 
angles of  attack with increasing Mach m e r .  The general  -trend is 
for the drag coefficient to increase witk  increasing M ~ c h  rumiber over 
the  range of lift  coefficients  plotted;  hrmever, there is a decrease 
of the drag coefficient  between Mach riders of 0.7% to 0.925 for 
lift coefficients of 0.35 and 0.4. At lift coefficients less than 
0.25, increasing Mach nuniber caused little change in the pit- 
moment  coefficients;  however,  at the higher lift coefficients, the 
pitching-moment  coefficients  becams less negative as the W c h  nuniber 
was increased. 

The effect of compressibility on the  variation of l i f M o 4 r a g  
ratio with lift coeff  fcient is shown in figure 6 .  It is evident that 
there is a coneiderable decrease in the value of the nmr-lmrlm l if t- to- 
drag ratio with increasing Mach nuplber. 

Ih figures 7 and.8, are summarized the variations with Mach n&er 
of the 1ift"cUrve slope at zero lift, mininun drag coefficient,  aero- 
dynamic  center  at  zero lift, maximum IifT-ko-drag ratio, and the lift 
coefficient for mximum 1-lftr.t- ratio. Increasing the Mach m e r  
f r o m  0.180 t o  0.925 resated in a gradual increase of the lift"curpe 
slope at zero lift from o..O43 to 0.048 per degree, an increase of 
the mhiraun drag coefficient f r o m  0.0040 to 0.0052 (R = 3.55 million), 
a rearward shift of the  aerodynamic  center  at  zero lift f r o m  42.4 to 
44.6 percent of the man aerodynamic chord, and a decrease of the 
maxinun lift-t- ratio from 18 to 14.7 (R = 3.55 mfllion) . The 
lfft coefficient  at  which the maxfmum lift4-g ratio was attained 
did not vary with Mach m e r .  

The early increase of min-lrmrm drag beginning at a Mach nmiber of 
0.4, as shown in figure 7, was not anticipated for such a highly 
swept wing. As the Mach m e r  increased, the drag coefficient mag 
have been  hfluenced by such factors a s  air  leakage through the gap 
between the turntable and the t-1 floor and interference drag 
between the d e l  and the  turntable. 
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Effect of Reynolds  nmiber.-  Examination of figures 5 and 6 . 
indicates  that  differences in the wing characteristics  due  to a 
change in the  ,test  Reynolds  lluniber from 2.35 to 3.55 million  are met 
apparent  at  the lo-mr K c h  numbera and at lift  coefficients  greater L 

than 0.2. This effect of compressibility on the scale effests m y  
be due to  stabilization of the boundary layer a8 a result of aero- 
dy-mmic hating or may be  due  to an increased  wind-tunnel  turbulence 
at the  higher  test  speeds.  At  the lower Mach  numbers,  the followiw 
effects  were  noted w i t h  an increase in Remolds nurdber from 2.35 to 
3.55 million  (fig.5): (1) There  is a progressive loss of lift with 
increasing angle of  attack; (2) there  is a progressive  reduction of . 

drag  coefficient  with increasiq lift coefficient;  and (3) there  are 
changes in the  measured  pitching-monmnt  coefficients. The increase 
in Re-grllold.8 number -roved the  lift-t-ag  ratio  as shown in 
figures 6 and 8. 

Lift, drag, and pitching-momsnt  data for the wing at  Reynolds 
nilmbers of 2.35, 4.10, 7.40, and 10.30 million  for a conetant 
hkch number of 0.180 are  compared in  figure 9. Lncrease of the 
Reynolds n-er nrty be seen to have the  effects  discussed in the 
previous  paragraph. .More clearly  shown in this  figure, however, is 
the  effect of increasing  Beynolda ndber in extend" the lfnear- 
variation of the  pitching-moment  coefficient  with  the  lift  coeffi- 
cient to higher lift  coefficients.  Whereas  the  tests  at a Reynolds 
number of 2.35 mLXLion  indicate  separation.beginning  at a lift  coeffi- 
cient  of  about 0.20,for Reynolds  nunibers of 4.10, 7.40, and 10.30 
million,  the  separation  is  delayed  progressively  to llft coefficients 
of approximtely 0.25, 0.30, and 0.35, respectively. 

Because of its  particular  conformatioa of sweepback,  aspect I .  

ratio, and thin wing section,  the  model was susceptible  to  considera- 
ble  bending under lifting loads. Since  the  magnitude of the  deflection 
is  directly  proportiopLl  to  the  dynamic4  pressure,  it was thought 
advisable  to vary the Reynolds nuniber while keeping the dynamic 
presswe constant. Thus, for ang given lift  coefficient,  the lift, 
and hence  the  deflection, was the same even  though  the  Reynolds 
nuniber of the  test was changed. This procedure  entailed a snrsll 
change in Mach  nudber,  but  probably  involved no appreciable  compreesi- 
bility  effects  at the low Mach numbers involved. Accordingly, tests 
w e r e  made  at a dynamic pressure of 50 pounds  per  square  foot in which 
data  were  obtained  at  Reynolds nu&ers of 4.11, 7.29, and 9.85 million, 
the  respective &ch nunibers being 0.182, 0.108, and 0.080. These data 
are  compared in figure 10, and SOD of th3  effects of scale  are 
presented in figures 11 to 13. From the comparison fn figure 10, 
it is seen  that  the same changes in the wing characteristics ae 
previously discussed occur with increasing R e y n o l d s  nunher.  Note, 
however,  that  over  the lowdrag range between lift coefficients  of 
0.1 and 4.1, Larger drag coefficients  were  measured as the  test 
Reynolds  nupiber wa8 fncreased. The evidence  available does-not 

- 
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indicate that this effect can  be attributed  either t o  increasing a5.r- 
stream  turbulence  or t o  changes in the  condltion of the mdel surface. 

’ Ih this smsll  range of lift coefficients, increasing the Regnolds 
n&er  probably caused a forward movement of transition mer portions 
of the wing, resulting in a. relatively Larger amount of turbulent 
flow with a consequent increase fn drag. 

A t  lift coefficients of 0.2 and above, the data of f i gu re  l l  
lndicate 8 decrease in drag xfth  increasing Reynolds m e r ,  the 
trend be- such that even further drag reduction might be expected 
at Reynolds numibers above 10 million. The l i f t  and pit-mnt 
coefficients would apparently be l i t t le  affected by any furthsr 
-crease of Reynolds nuiber. 

The effect of Reynolds &r on the variation of the lift-te 
drag rat io  with lift coefficient is sham in figure 12. * Since between 
lift coefficients of about 0.1 and -0.1the  effect  of increasing the 
Reynolds rider I s  t o  increase the drag coefficient (figs. 9 and lo), 
the liftitoilrag ratio deCreaS8S with l m z e a s i n g  R e p l a S  nuniber for  
any consteLnt lift coefficient less than 0.1. Conversely, for  any 
lift coefficient above 0.1 the Uft&c4rag ratio  increases with 
increasing Reynolds azmiber. 

Ih figure S3 are summarized the  variations of the 1ift”curve 
slope at  zero lift, minimum drag coefficient, and -mum 1ift-t- 
drag ra t io  with Reynolds nurdber. An increase of the lllaximum lift 
t o  drag ra t io  f r o m 1 7 . 7  t o  20.6 resulted from an increase of the 
Reynolds nuniber from 4.U t o  9.85 mfllion. 

Xffectiveness of the Elevon 

Effect of Mach nuniber.- The lift, drag, and pitch-mnt 
characteristics of the wing with the elevon deflected in 9 increments 
from 9 t o  40° are shown in figure 14. for a Reynolds number of 2.20’ 
million and Mach nunibera between 0 .gOO and 0 .a. Similar data are 
presented in f fgure 15 for the w b g  at  a Reynolds rider of 4. x) 
million and a hkch nunfber of 0.190 with the elevon deflected In 5O 
increments  through a raage of 5O t o  4 O .  

Figures 16 t o  18 are cross p lo ts  of the data from figures 14 and 
15 showtng the  variation of the l i f t  and pitchhg+wment  coefflcients 
with elevon deflection f o r  constant angles of attack up t o  €lo. It 
m y  be seen that  both lift effectiveness Qe and pitch effectiveness 

c=e 
decrease as  the  angle of attack is increased. The data f o r  a 
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Mach ?under of 0.19, shown in figure 18, indicate an increase  in 
pitch  effectiveness between elevon deflections of -10' and -20°, 
with  pitch  effectiveness  decreasing for elevon  deflections  greater 
tkn -m0 and lift  effectiveness  decreas- for  elevon deflecticma 
greater  than -30°. 

The variation  with  &ch nuniber of C h  and C-,, measured 
e 

over a range of small elevon deflections, is shown  in  figure 19 for 
an angle of attack of Oo. At a M c h  nuaiber of 0.60, the values of 
C k e  ana C q  are 0.0045 and -0.0053, respectively. The effect of 
compressibility 1s small, KLth an apparent trend  toward loss of both 
lift and pitch  effectiveness  at Mch nLuIiber6 greater  than 0.850. The 
slopes obtained  at  the  %ch  nuniber of 0.19 have been  included for 
comparison, even though there is ~ o m e  difference  in  the  Reynolds 
nunibers. It  is  not  evldent  whether  the  change in pitch  effectfveness 
between  Mach  numbers of 0.1% and 0.600 is due to  the  increase in 
Mach  nuniber or  to the  difference in the  test Reynolds muibers.. 

e 

Effect of Reynolds nuniber.- Tne  lift,  drag, and pitching- 
moment  characteristics of the- wing with  the  elevon  deflected Oo, -loo, 
-20°, and -30° are  presented in figure 20 for a constant  dynamic 
pressure of 50 pounds per square foot,  at Reynold6 nurdbers of 4.20, 
7.30, and 9.80 million with  corresponding  Mach numbers of 0.190, 
0.109, and 0.080. There was no appreciable  change of the  effectiveness 
parameters Q, and C with  increasing  Reynolds mnibers between 

4.20 and 9.80 million. 
5, w e  

Effects of Roughness  Strips 

Elevon undef1ected.- In an effort  to extend the linear variation 
of the  pitching-monasnt  coefficient  to higher lift coefficients,  the 
wing was tested  with  roughness  intended to inauce transition  at 0-0312. 
It was reasoned  that by this means separation on the  outer  portion 
of  the w i n g  might be delayed  if  the  boundary layer could be made 
turbulent in a region of favorable  pressure  gradient. In figure 21, 
the  aerodynamic  characteristics of the w i n g  with  the  roughness  are , 

compared to the characterlstics of the smooth wing fo r  Mach nuaibers 
between 0.800 and 0.925 at a constant Reynolds number of 2.29 million. 
Except for the  effect  of roughness on minimum 3rag coefficient, the 
differences  between  the  results  for the two  con5itions  are sxmll, 
the data for the wing with  roughness  tending  to lie in the  direction 
to  indicate an increase  in  effective  Reynolds  number. No significant 
changes  with  Mach  nmiber  appear. 
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The l-ag range a t  a Elach muiher of 0.80 has been plotted t o  
an expanded scale in figure 22 in  order t o  compare the magnitude of 
the minimum drag coefficient of the roughened with that of the 
smth  wing. It may be seen that the minimum drag coefficient of 
the rough wing has a value of 0.0085; whereas that of the smooth 
wing has a eue of 0.0049. 

Comparisons of the wing characterbtics with and e t h o u t  roughness 
are made in figure 23 f o r  t e s t s   a t  Reynolds nunibem of 4.10 and '7.30 
million xith corresponding Mach nunibem of 0.19 and 0.109. The 
changes in the aerodynamic characteristics cawed by the roughness 
strips were mre pronounced at the low Mach nunibers (fig. 23) than at 
the higher Madh amber8 (fig. U); the roughness strips increased 
the drag coefficients somewhat but caused only smal l  chesges of the 
lift and pitc-nent coefficients. The ineffectivemess of the 
roughness st r ips  aay have been due t o  their be- improperly positioned 
on the wing surfaces, but timrs dfd not permit a thorough investigation 
t o  ascertafn if  other chordwise locations of the roughness strips 
would be =re  effective. 

Elevon deflected - 10 *.- For a Mach number of 0.900, in f fgure 24(a) 
the characteristics of the wing with roughness strips at 0 . 0 3 ~  for 
Remolds nuribem of 2.30 and 3.60 miUion are compared t o  the  chmc- 
te r i s t ics  of the smooth wing at a R e y n o l d s  &r of 2.30 million. 
A small fncrease in the drag coeff icienta Elna a small, nearly constant 
reduction of the pitc-mnt coefficlents maaured near zero lift 
were the only effects caused by the roughness st r ips  for the Reynolds 
number of 2.30 million. Increase of the Reynolds nuniber from 2.30 
t o  3.60 million for the wing .Kith roughness had no appreciable effect. 

k figure 24(b), a comparison is afforded between the charac 
te r i s t ics  of the wing with roughness s t r ips  and w l t h  a smooth surface 
for a Mach nunher of 0.190 and a Reynolds rider of 4 million. The 
roughness strips had a neglfgible  effect on the p i t c h i m n t  coeffi- 
cient s . c 

Effect of Model Deflection Under V a r y t n g  Loads 

No at tempt was mzde t o  measure the magnitude of the wing 
deflection under varying loads became of the difficult ies in mking 
observations through the smll w%nbws of the pressure tunnel. Data 
are presented fn figure 25, however, showing the effect of doubling 
the load on the -xiq at any given lift coefficient  (i.  e., tk;e effect 
of doubline;' the dynamic pressure), wbile the Rem5Lds nuniber wa8 held 
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constant  at 9.75 million and tbe lhch m e r  allowed to increase 
from 0.080 to 0.160. The data show only small  effects due to 
distortion. 

CONCLUSIOHS 

Anoinvest fgatfon was d e  of a semispan model of a wing swept 
back 63 and having an aspect  ratio of 3.5. These tests  were 
conducted  to  determine  the  separate  effects of Mach and Reynolds 
number on the aeroQmmic characteristic8 of the w i n g  and on the 
effectiveness of an elevon. 

1. The aerodynamic  center of the wing shifted  rearward near a 
lift  coefficient of 0.2; whereas above a l i f t  coefficient of approxi- 
mately 0.4 there webs an abrupt  forward shift of the aerodynamic 
center 

2. AB the M c h  number was increased From 0.160 to 0.925 at 
Reynolds nunibera of 2.35 and 3.55.million in the low 1if"coefficien-b 
range (lift  coefficient less than 0.2)~ the following effects of 
compresBlbility  occurred: 

(a) The lift-curve slope at  zero l-lft increased gradually 
from 0.043 to 0.048 per Segrea .(R = 3.55 million). 

(b) There  was an increase in the  static  longitudinal 
stability,  the  aerodynamic  center at zero lift moving aft  from 
42.4 to 44.6 percent of the meas aerodynamic  chord. 

(c)  The nraxfmum lift-t-ag r a t i o  decreased from 18 to 
14.7 (R = 3.55 mfllim). 

(dl  At a Mach nuniber of 0.60, the pitch  effectiveness (rate 
of change of pitching-moment  coefficient  per degree of elevon 
deflection) hEad a value of -0.0053, and the  lift  effectiveness. 
(rate of change of lift  coefficient per degree of elevon deflection) 
had a value of 0.0045. These values were not appreciably 
changed by varying the &ch n&er from 0.60 to 0.90 (R = 2.26 
million). 

3. The effects of increaaing Regnolds number at an approxi- 
mately  constant Mach nuniber and at a constant  dynamic pressure of 
50 pounds per square foot in the law lift-coefficient mag8 ( l i f t  
coefficient less than 0.2) as determined from khese tests m y  be 
swmrparized as follows : 
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(a) The lift-curve slope a t  zero l i f t  decreased from 0.045 
to 0 .Ob2 per degree. 

(b) There was l i t t l e  chaage in the static  longitudfxal 
stabil i ty,  the aerodynamic center remaining at approxfmately 
42.4 percent of the man serodymnh chord. 

(c) The mxlnnun lift-to-drag  mtio increased from 17.7 t o  
20.6. 

(a) The elevon pitch  effectlvenese and lift effectiveness 
were l i t t l e  changed by the variation of Reynolds nmiber. 
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Figure 3.- 7ne effect of Mach number on the aeroo!momic characteristics 
of  a wing swept back 63O ut a Reynolds number of 2,350,000. 
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figure 4.- The effect  of Mach number on the  aerodynamic characteristics of a Whp 
swept h c k  63* at a Reynolds number of 3,550,000. - 
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wing swept back 63" of a Mach number of 0.18. 
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Figure 13.- The vurlof ion with Reynolds number 
of the /Tft-curve slope, minimum drug 
coefficient,  and muxlmum /Iff - fo -drug  
ratio for a wing swept buck 63" af u 
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figure 14.- The effect of elevon deflecfion on the aerod nomic 
characferisfics . of a wing swept back 63" of several Mach 
numbers, R=2,260,000. 
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figure 15, The effect of elevon  deflection on the oemdynomic chmctedsfics of a wing 
swept bock 69 at a Mach number of 0.19, R=4,m,dKXI. 
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figwe 20. - The e f k f  of f f e w d s  number on fhe aWytwmic  c~aruc~ridics of 
a wing  swepf twck 63" wit4 elevon deffmfed, q=50 lb/q ff, 
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Figure 22.- Tie effect of roughness  str/;os on fhe drug coefficienf 
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Figure 24- l2.5 effects of mghness &jpg and ReymMs number on the aer&ynamic chomCteriStlCS 
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nqure 25.- The effect of bending distortion on the aerodynamic charactrristics 
for o wing swept back 6s’ st a Reymids numbdr of 9,750,000, a ? - 
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